The identification of heat tolerance traits that express across environments is key to the successful development of high temperature tolerant tomatoes. A replicated experiment of 145 tomato genotypes was established at two temperature regimes in two planting seasons using hydroponics in a poly greenhouse to assess high temperature tolerance. Electrolyte leakage, number of inflorescences, number of flowers and fruits, fresh fruit weight and fresh and dry plant weight were measured and genotype and temperature treatment differences were observed for all traits. Planting season impacted all traits except electrolyte leakage and number of flowers. High temperature reduced number of fruits by 88.8%, flower fruit set ratio by 77.2% and fresh fruit weight by 79.3%. In contrast, traits little impacted by temperature included number of flowers per inflorescence (1.3%) and plant dry weight (11.1%). The correlation between plant dry weight under both high and optimal temperature was significant (R 2 = 0.82). To assess the effectiveness of plant dry weight and flower-fruit set ratio for selection under heat stress two subsets of genotypes (A and B) comprising ten and six genotypes respectively, were subsequently selected on the basis of their dry weight loss and flower-fruit set ratio under high temperature. Organic metabolite analyses of set A and B respectively, showed a significant change (%) in citric acid (77.4 and 15.4), L-proline (117.8 and 40.2), aminobutyric acid (68.6 and 11.8), fructose (24.9 and 21.3), malic acid (50.3 and 42.7), myo-inositol (55.1 and 6.1), pentaerythitol (54.1 and 39.0) and sucrose (34.7 and 25.8). The change (%) in all metabolites was greater in heat tolerant genotypes with the exception of fructose and sucrose where sensitive genotypes produced a higher variation. The change in sucrose in tolerant genotypes was variable in subset A and more uniform in subset B. Flower-fruit set ratio was found as a reliable trait for discriminating between How to cite this paper:
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Introduction
Tomato (S. lycopersicum) belongs to the family solanaceae and was domesticated in the Andean region of South America and Mexico [1] . Tomato was introduced to Europe in the 16 th century and later spread throughout the Mediterranean region [2] [3] [4] . Thousands of tomato cultivars have subsequently been developed through breeding and selection [5] .
Climate change has increased the incidence of heat stress in many crop production environments globally [6] [7] [8] . Several traits have been implicated in heat stress tolerance in tomato including membrane thermo stability (MTS), floral characteristics, cone splitting, pollen viability, fruit set and fruit yield [8] - [13] . High temperature at the reproductive stage of development causes significant flower drop [14] resulting in decreased fruit set and yield [15] . Heat stress adversely affects Style elongation and pollen germination and limits pollen tube growth. Exposure to temperatures above 25˚C significantly reduces fruit number, fruit weight and seed number per fruit [16] . Heat shock at extremely high temperature (≥45˚C) can lead to programmed cell death (PCD), release of cytochrome c and activation of caspase-like enzymes [17] . Plant reproductive organs are clearly more sensitive to heat stress than vegetative parts [18] [19] .
High temperature increases root heat stress and affects nutritional quality because of a disturbed root nutrient relationship [20] . High-temperature stress thus limits root growth and reduces the shoot system and subsequent fruit production by limiting water supply, nutrients and the production of hormones that influence sink-source associations between roots and shoots [19] [21] . Heat stress is a significant cause of reduced tomato yield in Mediterranean and tropical countries [22] .
Tomatoes experience heat stress at temperature ≥ 35˚C when most genotypes suffer physiological and biochemical damage. High temperature has been observed to increase transpiration [23] [24] [25] and reduce photosynthesis [26] [27] by altering membrane fluidity and disrupting the overall balance of metabolic processes.
It is argued that the breeding, screening and selection of tomato genotypes is more effective at the vegetative and fruit bearing stages [15] . Pedigree selection and backcross hybridization have been used extensively to improve yield and fruit quality traits under heat stress conditions [28] . A consistent genotype response to both optimal and heat stressed conditions is important for yield stability. This study evaluated the impact of heat stress on the vegetative and reproductive development of diverse tomato genotypes with the aim of identifying traits of high heritability that could be used to improve the high temperature tolerance of tomato. 
Materials and Methods

Plant Materials
Weather Data
Temperature, relative humidity and photosynthetically active radiation (PAR) in the green house in both temperature treatments were recorded using a CR200X
Data Logger (CAMPBELL SCIENTIFIC, INC., Australia) as shown in Figure 1 .
Phenotyping
The set of 144 tomato accessions was phenotyped during summer 2014-2015 in optimal and heat stress conditions. The experiment comprised two planting 
Gas Chromatography Analysis
Following extraction, the samples were analysed immediately using gas chromatography coupled with a triple quadruple mass spectrometer (GC-QQQ, Agilent
Technologies, Santa Clara CA) as per [39] . Fifty microliters of the extract were dried and re-suspended in 400 µL anhydrous pyridine to which 50 µL of trime- . Peak integration was determined using Agilent Mass Hunter Workstation software (Agilent Technologies, Santa Clara, CA, USA).
Statistical Analyses
The data were normalized using standard deviation and analysis of variance conducted using a fixed effect model (GenStat v 18.0 statistical software package). Differences were considered significant at P < 0.05. Scatter plots were constructed using Microsoft Excel 2010.
Results
Genotype and heat treatment effects were significant for electrolyte leakage, numbers of inflorescences, numbers of flowers, number of fruit, fruit set, fresh fruit weight, fresh plant weight and dry plant weight (Table 1) . Season effects were also significant with the exception of electrolyte leakage and numbers of flowers. All two-way interactions were significant with the exception of treatment x season for numbers of flowers. Similarly, the three-way interactions were significant with the exception of electrolyte leakage. Those traits most impacted by heat stress included numbers of fruit, fruit weight and fruit set. Traits little impacted by stress included numbers of flowers and plant dry weight (Figure 2 ).
Fruit weight and plant dry weight were correlated across temperature regimes ( Figure 3 ).
The percentage change in plant dry weight (subset-A) and fruit set (subset-B)
is presented in Figure 4 . The cultivar Amish Paste was little affected whereas LA American Journal of Plant Sciences unaffected by heat stress in subset-B and the dry weight loss was greatest in LA 4283.
L-proline and aminobutyric acid both increased significantly in tolerant genotypes under heat stress in subset-A ( Figure 5 ) and the smallest change was observed for sucrose and fructose. In contrast, sensitive genotypes produced more citric acid and sucrose in response to stress. In subset-B, the greatest change in tolerant genotypes under heat stress was observed for malic acid, pentaerythitol and L-proline and the smallest change noted for sucrose and fructose.
In contrast, the sensitive genotypes were again higher in sucrose and fructose. The association between change in dry weight and L-proline was negative and significantly high in both the sub sets ( Figure 6) . A high and positive correlation was observed between change in dry weight and sucrose in both the subsets.
However, the change in sucrose was very low in subset-B compared to subset-A.
Discussion
The significant genotypic variability for all the high-temperature response traits assessed suggests that tomato heat tolerance can be significantly improved.
However, pyramiding these traits is dependent upon the assumptions of additive variance and a lack of compensatory mechanisms that limit expression of higher levels of heat tolerance.
While heat stress response varied by trait, the fruit related traits were most reduced limited by heat stress (Figure 2) . Number of fruit per plant was severely impacted yet the number of flowers and plant biomass showed little change. It appears that fruit set was the limiting factor under stress and this supports earlier reports [6] [30] [40] . Plant dry weight was little impacted between temperature regimes (Figure 3 ) indicating that the vegetative tissues were relatively little affected by elevated temperature. The plant biomass was strongly genetically controlled as different genotypes produced significantly different biomass.
The percentage change in various metabolites observed in tolerant genotypes Figure 6 . Relationship between change in dry weight and sucrose in heat tolerant and sensitive genotypes in ten genotypes selected on the basis of dry weight loss (A) and six genotypes selected on the basis of drop in fruit setting (B). American Journal of Plant Sciences (with the exception of sucrose) suggests that these compounds have a protective role in plant tissues under stress [41] (Figure 5 ). L-proline in particular was linked to enhanced stress response and may be responsible for maintenance of biomass under heat stress [41] . Nevertheless, the stress response is likely to be complex as malic acid, pentaerythitol, and L-proline were all up-regulated in subset-B and this probably provided more stable fruit setting in tolerant genotypes under heat stress [41] .
While L-proline was greater in tolerant genotypes under stress, the percentage dry weight loss and fruit set did not necessarily correspond to the level of L-proline increase. These observations are similar to those of [42] . Clearly, mechanisms other than L-proline were also important in determining the dry weight and fruit setting under heat stress conditions [32] [33] .
The observed change in sucrose was lower in the tolerant genotypes than sensitive genotypes indicating that this change in dry weight is to some extent dependent upon sucrose level; however sucrose was not the sole cause of this change [43] . Fruit set in both tolerant and sensitive genotypes was generally dependent upon the stability of sucrose levels in tissues ( Figure 6 ). While flower set was little affected by heat stress, the flower-fruit set ratio was a useful trait for the selection of genotypes tolerant to heat stress. Those genotypes that were able to convert a higher proportion of flowers into fruit showed higher levels of tolerance and this supports earlier findings [21] [34] [35] . Reproductive heat stress tolerance is therefore vital and this was most likely linked to decreased pollen viability in sensitive genotypes. This study found that maintenance of higher levels of sucrose in plant tissues was an indication of higher flower-fruit set ratio under heat stress conditions [16] [18].
Conclusions
For effective selection under heat stress conditions plant breeding programs need to identify traits linked to heat stress tolerance. The current study concluded that under heat stress conditions: o dry weight loss and flower-fruit set ratio are useful traits to categorise genotypes.
o various organic metabolites are up/down regulated and the extent of change may depend on the tolerance/sensitivity of the genotype.
o the capacity to maintain sucrose level in the plant tissues indicates the capacity of a genotype to maintain higher flower-fruit set ratio.
